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Influence of Initial Growth Layer and Ti Underlayer 
on Magnetic Properties and Recording 
Characteristics of Very Thin Films of 
Evaporated CO-Cr Media 
0. KITAKAMI, Y. OGAWA, H. FUJIWARA, F. KUGIYA, A N D  M.  SUZUKI 
Abstract-A Co-Cr film deposited directly on a substrate has an ini- 
tial growth layer with low coercivity. However, the existence of a Ti 
underlayer prevents the formation of such a layer. As a result, CO-Cr 
film deposited on a Ti underlayer has high perpendicular anisotropy 
and coercivity even in cases of extremely thin film thickness (200 A ). 
As for the read-write characteristics of Co-Cr thin-film media, the 
existence of such an initial growth layer greatly improves the repro- 
duced output level. The cause for this is considered to he that the free 
charges which appear on the back surface of the perpendicular re- 
cording layer are reduced and the demagnetization field acting on the 
recorded magnetization subsequently decreases due to the existence of 
the initial growth layer. 
I. INTRODUCTION 
CO-Cr FILM with perpendicular anisotrophy is one A of the most favorable candidates for perpendicular 
magnetic recording media [l]. When such a film is fab- 
ricated by sputtering or vacuum evaporation methods, an 
initial growth layer with low coercivity is formed due to 
the lack of C-axis orientation in the hcp CO-Cr film [2]- 
[4]. In order to prevent such an initial growth layer, it has 
been proposed that a Ti or Ge underlayer should be placed 
between the substrate and the CO-Cr films [5]-[8]. How- 
ever, the effect of such an underlayer on the magnetic and 
crystallographic properties of CO-Cr films have never 
been investigated in the small thickness range, in which 
it had been supposed that the film structure was influenced 
by the existence of an underlayer [6]. 
In this paper, very thin CO-Cr films (below 500 A ) 
with a Ti underlayer in place and not in place were inves- 
tigated in order to clarify the effect of an evaporated Ti 
underlayer on the initial film growth region of an evapo- 
rated CO-Cr film. As a result, it was found that a Ti un- 
derlayer really restrained the formation of an initial growth 
layer with low coercivity and caused CO-Cr films to 
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maintain high coercoivity even in the very thin film thick- 
ness region (200 A ). Moreover, we evaluated the re- 
cording characteristics of 2200-A -thick CO-Cr films with 
and without a Ti underlayer. According to this experi- 
ment, it was found that a CO-Cr film without a Ti under- 
layer which had a 500-A-thick initial growth layer indi- 
cated rather higher reproducing output than a CO-Cr film 
with a Ti underlayer which had no initial growth layer. 
This new result suggests that an initial growth layer with 
low coercivity plays an important role in increasing re- 
corded magnetization and reproducing output. 
11. EXPERIMENTAL 
A .  Sample Preparation 
Samples were prepared by a vacuum evaporation 
method. Substrates used in this experiment were poly- 
imide films. They were first baked in vacuum ( 1  X lops 
torr), and then Ti and CO-Cr were successfully deposited 
upon them. The thicknesses of the Ti underlayer and the 
CO-Cr films were 250 and 200-3000 A ,  respectively. The 
substrate temperature was set at 140°C, and pressure in 
the chamber during deposition was about 1 X torr. 
B. Measurement of Magnetic Properties and the Degree 
of Crystallographic Orientation 
The magnetic properties of CO-Cr film were measured 
using a VSM (Vibrating Sample Magnetometer) and a 
torque magnetometer. 
The crystallographic structure was investigated by 
X-ray diffraction and transmission electron diffraction 
methods. In particular, the degree of C-axis orientation of 
the hcp CO-Cr film was evaiuated from the half-value 
width Adso of the (00.2) plane rocking curve. 
The microstructures of the CO-Cr film were investi- 
gated by observing their cross sections by means of a TEM 
(Transmission Electron Microscope), the samples of 
which were prepared using the ultra-microtome and ion- 
thinning methods. 
C. Measurement of Read- Write Characteristics 
The read-write characteristics for CO-Cr thin-film disk 
was evaluated using a 5.25-in flexible disk drive equipped 
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with a sputtered CoNbZr amorphous on ferrite head (B , :  
0.95 T,  gap length: 0 .2  pm)  [9]. 
111. RESULTS AND DISCUSSION 
A .  Magnetic Properties 
In a previous paper, we reported that the perpendicular 
anisotropy of a CO-Cr film was enhanced by the insertion 
of a Ti underlayer [SI. In order to investigate this phe- 
nomenon in more detail, we fabricated very thin CO-Cr 
films and measured their magnetic properties. Fig. l(a) 
and (b) are hysteresis curves of 200-A-thick CO-Cr films 
with and without a Ti underlayer, respectively. It can be 
seen that the CO-Cr film with Ti underlayer has good per- 
pendicular magnetic properties even in such a very thin 
film thickness region, whereas the CO-Cr film without Ti 
underlayer has low coercivity and relatively high in-plane 
remanence. It is also noticeable that the inclination of the 
perpendicular hysteresis curve of the CO-Cr film without 
Ti underlayer is steeper than that of the CO-Cr film with 
Ti underlayer. 
The magnetic properties of CO-Cr films, perpendicular 
coercivity H,  and in-plane squareness ratio M,/M,,  are 
shown in Fig. 2(a) and (b) as a function of the CO-Cr film 
thickness. According to these figures, the CO-Cr film with 
Ti underlayer has good perpendicular magnetic film with 
high perpendicular coercivity and low in-plane remanence 
from the initial growth stage. Whereas in the case of the 
CO-Cr film deposited directly on a polyimide film sub- 
strate, coercivity falls drastically and in-plane remanenSe 
increases when CO-Cr film thickness is below 500 A .  
This part with low coercivity is due to an initial growth 
layer [2]-[4]. 
The perpendicular anisotropy field Hk is shown in Fig. 
3 .  In this case, Hk was calculated from the magnetic an- 
isotropy energy corrected by taking into account the shape 
anisotropy energy 2 n ~ :  ( M ,  : saturation magnetization 1. 
The CO-Cr film with Ti underlayer maintains high per- 
pendicular anisotropy field even in a very thin film thick- 
ness region, whereas the perpendicular anisotropy field of 
CO-Cr film withoFt Ti underlayer falls when the thickness 
goes below 500 A ,  as is the case for coercivity. 
From the above results, it can be concluded that the Ti 
underlayer really restrains the formation of an initial 
growth layer with low coercivity, and helps to form good 
perpendicular magnetic film even in a very thin film thick- 
ness region. 
Recently, it has been reported that the inclination of the 
perpendicular hysteresis curve of a CO-Cr film becomes 
steeper as its thickness decreases. This phenomenon can 
be explained based on the assumption that magnetization 
reversals in the CO-Cr film mainly occur by the move- 
ments of magnetic domain walls [ lo] ,  [ l l ] .  Fig. 4 shows 
a reciprocal of inclination of a perpendicular hysteresis 
curve N * .  In the case of the CO-Cr film deposited directly 
on a polyimide film, N* decreases and the perpendicular 
hysteresis curve rises in the thin film thickness region. 
The result calculated by Wielinga [ 1 I] is also shown in 
Fig. 4 indicated by the dotted line. This result coincides 
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Fig. I .  Ti  underlayers' effect on magnetic properties of CO-Cr thin film 
(CO-Cr film thickness - 0.02 pm) .  (a) Co-Cr/sub. (b) Co-Cr/Ti/sub. 
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Fig. 2.  Film thickness dependence of magnetic properties of Co-Cr thin 
film. (a) Perpendicular coercive force. (b) In-plane squareness. 
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Fig. 3. Film thickness dependence of anisotropy field H k .  
with the experimental one for the CO-Cr film without Ti 
underlayer. On the other hand, in the case of the CO-Cr 
film with Ti underlayer, the inclination of the perpendic- 
ular hysteresis curve is invariant all over the film thick- 
ness region examined in this experiment. In summary, the 
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Fig. 4.  Film thickness dependence of apparent demagnetizing factor N * .  
CO-Cr film deposited directly on a polyimide film has an 
initial growth layer with low coercivity, and its perpen- 
dicular hysteresis curve becomes steeper as its thickness 
decreases, whereas the CO-Cr film with Ti underlayer 
does not have such a distinct initial growth layer, and in- 
clination of its perpendicular hysteresis curve is invariant 
even in an extremely thin film thickness region. This re- 
sult suggests that the magnetization reversals in the Co- 
Cr film with the initial growth layer is mainly caused by 
the movements of the magnetic domain walls. On the other 
hand, magnetization reversals in the CO-Cr film without 
such an initial growth layer may be caused by other mech- 
anisms, such as a rotational model. In any event, more 
intensive investigation would be necessary to solve the 
problem of the inclination of the perpendicular hysteresis 
curve. 
B.  Crystal Structure 
The crystal structure of the Co-Cr film was mainly in- 
vestigated using an X-ray diffraction method. In these ex- 
periments, only (00.2) and (00.4) diffraction peaks for 
CO-Cr film and (00.2) peak for the Ti underlayer were 
observed. Fig. 5 shows the degree of C-axis orientation 
of the very thin CO-Cr films in addition to the experimen- 
tal data presented in our previous paper [8]. According to 
this result, the degree of C-axis orientation AOso of the 
CO-Cr film without the Ti underlayer was better than that 
of the CO-Cr film with the Ti underlayer all over the film 
thickness region examined in this experiment. Moreover, 
the (00.2) diffraction strength of the former was always 
stronger than that of the latter at the same film thickness. 
According to the above data on crystallographic orienta- 
tion and on magnetic properties, it is also true in the very 
thin film thickness region that the magnetic properties of 
CO-Cr films are determined not only by the crystallo- 
graphic orientation as mentioned in our previous paper 
[8]. For example, 200-A-thick CO-Cr films deposited on 
Ti underlayer had good perpendicular magnetic properties 
although the C-axis orientation of this film was not so 
good (A050 - 32" ). 
C. Morphological Structure 
Figs. 6 and 7 are cross-sectional TEM micrographs of 
CO-Cr film samples which were made using an ultrami- 
0' 
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CO-Cr film thickness ( p m )  
Fig. 5. Film thickness dependence of the degree of C-axis orientation AOso. 
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Fig. 6 .  Cross-sectional TEM micrographs of CO-Cr film (by ultramicro- 
tome method). (a) CO-Cr/Ti/sub. (b) CO-Cr/sub. 
(b) 
Fig. 7. Cross-sectional TEM micrographs of CO-Cr film (by ultramicro- 
tome method). (a) CO-Cr/Ti/sub. (b) CO-Cr/sub. 
crotome. It can be noticed that the CO-Cr film with Ti 
underlayer has a distinct columnar structure from the ini- 
tial growth stage. On the other hand, in the case of the 
CO-Cr film deposited directly on a polyimide film, an in- 
distinct structure grows on a thin dense layer. As can be 
seen from Fig. 7(b), the thickness of this thin dense layer 
is about 500 A. Since this thickness corresponds to the 
thickness below which perpendicular coercivity begins to 
fall drastically, as shown in Fig. 2(a), this thin dense layer 
is considered to be the so-called initial growth layer with 
low coercivity. In order to observe the morphological 
structure of the CO-Cr film more clearly, we prepared 
TEM samples using the ion-thinning method. Fig. 8(a) 
and (b) are TEM micrographs of CO-Cr film samples per- 
pared by this method. It is clear in these figures that the 
CO-Cr film with Ti underlayer has a uniform columnar 
structure while the CO-Cr film deposited directly on a 
polyimide film has no clear structure. 
As mentioned above, the Ti underlayer helps the Co- 
Cr film to form a uniform columnar structure from the 
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Fig. 8. Cross-sectional TEM micrographs of Co-Cr film (by ion-thinning 
method). (a)  CO-Cr/sub. (h) Co-Cr/Ti/sub. 
TABLE 1 
M A G N E T I C  PROPERTIES OF Co-Cr T H I N - F I L M  E D I A  
Co-Cr Film Thickness M,  H ,  
( @ )  ( G )  (Oe) 
Co-Cr/Ti 
Co-Cr 
0.22 330 760 
0.22 350 775 
initial growth stage. As a result of this effect, a Ti under- 
layer restrains the formation of an initial growth layer of 
a CO-Cr film. 
D. Read- Write Characteristics 
As mentioned above, the existence of a Ti underlayer 
inhibits the formation of an initial growth layer with low 
coercivity. In this section, we will show the influence of 
such an initial growth layer on the read-write character- 
istics of CO-Cr thin films. Table I shows the magnetic 
properties of the CO-Cr thin films whose read-write char- 
acteristics were evaluated. The perpendicular coercivity 
of the CO-Cr film with the Ti underlayer was lowered by 
decreasing the substrate temperature in order to equalize 
it with that of the CO-Cr film deposited directly on poly- 
imide film substrate. Also in this case, no distinct initial 
growth layer was observed. 
Figs. 9-12 show the read-write characteristics of two 
kinds of CO-Cr thin-film media whose magnetic proper- 
ties are shown in Table I. Fig. 9 is a typical envelope of 
reproduced output at 100 kFCI. Fig. 10(a) and (b) shows 
reproduced waveforms at 2 kFCI, and it can be seen that 
both have equal dipulse ratio 0.45 irrespective of the ex- 
istence of a Ti underlayer. Fig. 11 is the bit-density re- 
sponse curves of both. It is apparent that the reproduced 
output level of the CO-Cr film without the Ti underlayer 
is higher than that of the CO-Cr film with the Ti under- 
layer. This result indicates that the existence of the initial 
growth layer greatly contributes to the increase of repro- 
duced output level. On the contrary, Nakamura er al. re- 
ported that the reproduced outputs of CO-Cr thin-film me- 
dia were increased by the presence of Ti underlayer [ 121. 
Fig. 9. Output level modulation at 100 kFCI. 
(b) 
Fig. 10. Waveforms of reproduced signal (at 2 kFCI).  (a)  CO-Cr/Ti/sub. 
(h)  Co-Cr/sub. 
- 0 . 2  
\,' 
I ! I ,  
recording density ( k f c i )  
Fig. 11. Bit density response curve. 
1 2 5 10 2 0  50 100 200 
The difference between their results and ours may be 
caused by the difference of deposition condition such as 
the degree of vacuum during deposition or deposition rate. 
In any event, more intensive investigation will be needed 
to clarify the above difference. Fig. 12 shows relations 
between recording current level and reproduced output of 
CO-Cr media at 10 and 100 kFCI. In these figures, repro- 
duced output level is normalized by the maximum output 
level for each recording medium. Since there is little dif- 
ference in the characteristics between CO-Cr media with 
and without Ti underlayer, it is deduced that the influence 
of the initial growth layer on the recording process is very 
small. 
As mentioned above, the existence of an initial growth 
layer with low coercivity improves the reproduced output 
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Fig. 12. Output signal versus write current. (a) 100 kFCI. (b) 10 kFCI. 
level of CO-Cr thin-film media. We believe the cause for 
this is as follows. Free charges which appear on the sur- 
face of the perpendicular recording layer are reduced by 
the presence of the initial growth layer. As a result, the 
demagnetization field acting on the recorded magnetiza- 
tion decreases, resulting in a higher perpendicular com- 
ponent. 
IV. CONCLUSIONS 
1) A CO-Cr film deposited directly on a polyimide film 
substrate consists of an initial growth layer with low coer- 
civity and a high perpendicular anisotropy layer. 
2) The insertion of a Ti underlayer restrains the occur- 
rence of the initial growth layer, so that CO-Cr film on 
the Ti underlayer has good perpendicular magnetic prop- 
erties even in an extremely thin film thickness region. 
3 )  The perpendicular hysteresis curve becomes steeper 
only in the case of a very thin CO-Cr film which has an 
initial growth layer with low coercivity, whereas such a 
phenomenon is not observed in the CO-Cr film on the Ti 
underlayer which has no distinct initial growth layer. 
4) The reproduced output level of the CO-Cr film with 
an initial growth layer is rather higher than that of the Co- 
Cr film on Ti underlayer which has no distinct initial 
growth layer. This result may be due to the fact that the 
initial growth layer reduces the free magnetic charges 
emerging at the back of the recording layer resulting in 
higher perpendicular component of recorded magnetiza- 
tion. 
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